Background: Selenium (Se) and vitamin E (Vit E) can act synergistically and affect biological processes, mainly antioxidant and immunity. The use of excess dietary Vit E and Se in animals' feed could enhance immune response and induce disease resistance. Moreover, different Se sources may provide different alterations in the immune system. Accordingly, the aim of the current study was to assess the impact of dietary supplementation of Vit E, inorganic Se (sodium selenite, SS), bacterial organic Se of ADS18, and their different combinations on the plasma immunoglobulins, ceacum microbial population, and splenic cytokines gene expression in broiler chickens.
Background
Infectious diseases are the leading causes of chick mortality. The immune system plays an important role in host defense against infectious agents. The immune system cells contain high polyunsaturated fatty acids in their cells membrane which increase their susceptibility to produce free radicals. Moreover, free radicals can be produced during the phagocytes action against the pathogens which lead to high oxidative stress [1] . It is well known that Se and Vit E can act synergistically and affect antioxidant and immunity response [2] . Vitamin E has been documented as a vital nutrient for the health, growth, and reproduction of all species of animals. This Vit is required to support the development of the nervous system and antioxidant system, as well contribute to disease resistance [3] . Selenium trace mineral plays an important role in antioxidant system through the selenoproteins, which are involved in redox regulation and antioxidant defense in all tissues and cells including the innate and adaptive immune cells [4] . The main antioxidant selenoprotein is glutathione peroxidase (GSH-Px), which reduce H 2 O 2 and peroxides to the water and corresponding alcohols [5] . Antioxidant enzymes prevent reactive oxygen species production, which is formed normally during the body's biological process [6] . Moreover, Se deficiency can damage the humoral immunity and cellular immunity, and deactivate B cells which results in immunoglobulin reduction [7] .
The use of excess dietary Vit E and Se for enhancing the immunity and suppressing disease has been studied. Dietary Vit E and Se combination has been shown to improve the humoral immunity and provide better immunity response [8] . Vitamin E has been shown to increase antibody production by enhancing the humoral immune response or by acting as an adjuvant. Moreover, combined Vit E and Se significantly increased serum IgG and IgM levels in mice after their exposure to sodium azide which have an immune-suppressive effect [9] . In broiler chicken, higher antibody titer was observed when 0.06 mg/kg of Se was combined with 150 IU/kg Vit E in the diet, while higher cellular immunity was reported in the diet which included 300 IU/kg Vit E and 1 mg/kg Se [10] . Furthermore, the antibody titer increased when 125 mg/kg Vit E and 0.5 mg/kg Se were supplemented to the diet, and the author suggested that Se and Vit E combination improved the humoral immunity through the induction of immunoglobulins, especially IgM, which is released after the initial antigen exposure [11] . Selenium and Vit E together also may affect the proliferation of lymphoid cells and increase circulatory immunoglobulins and immune complexes, which would enhance antibody responses [8] .
In the poultry industry, usually, Vit E is supplemented as α-tocopherol, which is the most abundant and bioavailable form, while dietary Se is supplemented as sodium selenite, however, recent studies demonstrated that organic Se such as seleno-aminoacids is more bioavailable than sodium selenite [12, 13] . Moreover, organic Se has the ability to accumulate Se in the animal's tissues when the received amount of Se is higher than the body requirement [14] . Organic Se can be produced biologically through microbial reduction process. Klebsiella pneumonia (ADS18) isolated from hot spring water and was associated with high biomass organic Se-containing protein which can be used as Se source. Although it is well recognised that Se and Vit E interaction can enhance the antioxidant system, scientific data about the effect of Vit E and organic Se combination on broiler chicken is limited, and to the best knowledge of this researcher, no study has compared the combination of Vit E with organic Se versus inorganic source and no study use the bacterial organic Se in combination with Vit E. Accordingly, the aim of the current study was to assess the impact of dietary supplementation of Vit E, inorganic Se, bacterial organic Se of ADS18, and their different combinations on the plasma immunoglobulins, ceacum microbial population, and splenic cytokines gene expression in broiler chickens.
Methods

Birds and experimental design
Two hundred and sixteen (n = 216) day-old female broiler chicks (Cobb, 500) were sourced from a commercial hatchery (Ayamas LI Pt. Ltd.) and housed in battery cages. Each cage was equipped with one tube feeder and one bell drinker. On arrival, the chicks were individually wing banded, weighed, and randomly divided into six dietary groups, with each group having six replicates with six chicks per replicate. The experimental design was a factorial complete randomised design of two factors; Se (2 sources) x Vit E (2 levels). The birds had access to the feed and water ad libitum. All birds were subjected to vaccination against bronchitis (IB) and Newcastle disease (ND) on day 7, and against infectious bursal disease on day 14, through the intraocular route. A basal diet was formulated based on the nutrient requirements for starter and finisher stages ( Table 1) . The starter and finisher diets were offered to the broiler chickens from 0 to 21 and from 22 to 42 days of age, respectively. The treatment groups included T1 = basal diet, T2 = basal diet + 100 mg/kg α-tocopherol acetate, T3 = basal diet + 0.3 mg/Kg feed sodium selenite, T4 = basal diet + 0.3 mg /kg feed ADS18 Se, T5 = basal diet + 0.3 mg/kg feed sodium selenite+ 100 mg/kg α-tocopherol acetate, T6 = 0.3 mg/kg feed ADS18 Se + 100 mg/kg α-tocopherol acetate. The organic Se of ADS18 was prepared according to the method described by Dalia et al. [15] , and administered orally equivalent to the dietary 0.3 mg/kg feed, based on the feed intake of the previous day. Other groups was treated orally using distilled water. The body weight was weighed individually and daily feed intake was recorded for each replicate.
Samples and data collection
At day 21 and 42, 12 representative birds (selected randomly as 2 birds/pen) from each treatment were slaughtered for sampling in accordance with the procedures outlined in MS1500:2009 (Department of Standards Malaysia, 2009) which allows animal to be slaughtered by severing the jugular vein, without being stunned, with a razor sharp knife. In this study the slaughter was performed by a certified and highly experienced technician with a sharp knife. In this study, sustained absence of corneal reflex and rhythmic breathing were strictly monitored and checked to ensure that each individual bird was dead prior to further processing and sampling. Samples of blood, spleen, thymus, bursa of Fabricius, and ceacum digesta were collected and kept at − 80 C°f or further analysis. Upon chicken slaughtering, part of spleen organ was collected in RNA-later Stabilisation Reagent (Qiagen, Germany) and processed for storage at − 80°C, according to the manufacturer's instructions.
Plasma immunoglobulin concentration
Blood samples were collected at days 21 and 42 in vacutainer tubes containing ethylene diamine tetra acetic acid (EDTA). The samples were centrifuged at 3000 rpm for 15 min at 4°C, and the plasma was stored at − 80°C until antibody analyses. The chicken immunoglobulin (IgA, IgG, and IgM) were established employing commercial kits (Chicken IgA ELISA, Immunology Consultants Laboratory, Inc. USA), (Chicken IgM ELISA, Immunology Consultants Laboratory, Inc., USA), and (CEA544Ga, Enzyme-linked Immunosorbent Assay Kit, Cloud-Clone Corp., USA), respectively, following the manufacturer's instructions.
Analysis of caecal bacteria by quantitative real-time PCR
Collection of the caecal digesta was done directly after slaughter and kept at − 20°C before it was used for quantification of caecal microbial population. The populations of Lactobacillus spp., Bifidobacteria spp., Enterococcus spp., Enterobacteria spp., E. coli,. and Salmonella spp. were established following the procedure reported by Navidshad et al. [16] . The genomic DNA extraction from the caecal digesta was done by using QIAamp® DNA Stool Mini kits following the manufacturer's instructions. DNA concentration and purity were measured with a Nanodrop ND-1000 spectrophotometer. Standard curves created by amplifying a known amount of target bacteria DNA were formed using serial dilution of PCR products from pure cultures of the targeted bacteria. The qPCR reaction was carried out using master mix of maxima SYBR® Green qPCR Master Mixes, ROX solution (Cat. no. K0252, Thermo Scientific Fermentas, UK). The primer sequences and annealing temperature of the targeted caecal bacteria used in this study are shown in Table 2 . Each reaction volume comprised 12.5 μL of SYBR Green Master Mix, 1 μL of 10 μM forward primer, 1 μL of 10 μM reverse primer, 2 μL of DNA samples and 8.5 μL of molecular H2O. The qPCR assay was carried out with the BioRad CFX96 real-time PCR system (BioRad, USA) by utilising optical grade plates as follows: the reaction conditions consisted of an initial denaturation at 94°C for 5 min, then by 40 cycles of denaturation at 94°C for 20 s, primer annealing at 55°C total bacteria, 58°C for Lactobacilli spp., 60°C for Bifidobacteria spp., and 50°C for Salmonella spp., E. coli, Enterococcus spp., and Enterobacteria spp. for 30 s respectively, and extension at 72°C for 20 s. To verify the specificity of amplification melting curve analysis was performed following the last cycle of each amplification.
RNA isolation and real-time RT-PCR for cytokines gene expression
For RNA extraction, 30 mg of tissues was extracted using the RNeasy® Mini kit (Cat. No. 74104, Qiagen, Hilden, Germany). The concentration of the extracted RNA was examined with NanoDrop ND-1000 UV-Vis Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) at 260/280 nm absorbance. Then I μg of extracted RNA was reversely transcribed employing the Quantitect® reverse transcription kit as per manufacturer's instructions.
Real-time PCR was carried out with the use of Bio-Rad CFX96 Touch (Bio-Rad Laboratories, Hercules, CA, USA), in 96-well optical reaction plates. The GAPDH was taken as the reference gene to normalise the targeted genes. Primers were designed according to Table 3 . Realtime qPCR analyses were conducted using 25 μL PCR master mix containing 12.5 μL SYBR Green Master Mix, 1 μL forward primer, 1 μL reverse primer, 2 μL template The Se content measured using ICP.MS.
e Vit E content measured using spectrophotometer cDNA and 8.5 μL RNase-free water. Target genes were amplified using the following thermo cycling programme: 95°C for 10 min, 40 PCR cycles at 95°C for 10s, 60°C for 15 s. Efficiency of amplification was established for each primer pair by utilising the serial dilutions of cDNA. The cycle numbers at which amplified DNA samples were in excess of the computer-generated fluorescence threshold level were normalised and comparisons made to establish the relative gene expression. Higher cycle number values showed lower initial concentrations of cDNA, and hence lowered levels of mRNA expression. Each sample was run in duplicate. The quantification of PCR reactions for each primer pair was carried out by comparing the target gene with the housekeeping gene. The formulation below was used to compute the gene expression of the target gene according to the method described by Pfaffl [17] :
The result was presented as a fold change between treatment and control group.
Organ collection
Twelve birds of each treatment were slaughtered on day 42. The lymphoid organs (thymus, spleen, and bursa of Fabricius) were collected and weighed individually.
Statistical analysis
The present study followed a factorial completely randomized design (3 (Se factors) × 2 (Vit E levels)). All data obtained were subjected to the generalised linear model (GLM) procedure of SAS (SAS, 2005) . Tukey HSD test was used to separate means at p < 0.05 significance level.
Results
Plasma immunoglobulin concentration
The effect of Se and Vit E and their combination on plasma immunoglobulins in broiler chickens is shown in Table 4 . Vitamin E supplementation had no effect on plasma immunoglobulin levels except significant (P < 0.05) elevation which was observed at day21 IgM. On the other hand, at day21 bacterial organic Se of ADS18 showed the highest IgA level compared to SS and NS groups with no significant differences between SS and NS treatments. At day 42, both ADS18-Se and SS showed significant (P < 0.05) elevation in IgG level than NS group, while SS showed the highest level of IgA and IgM however the differences between SS and ADS18-Se was in-significant. The interaction between Vit E and Se was significant (P < 0.05) on day 42 IgM. Without Vit E supplementation there were no significant differences between SS and ADS18-Se, however both of them were higher significantly than the NS group and Vit E alone. The combination of 0.3 mg/kg ADS18-Se with 100 mg/kg Vit E showed significantly (P < 0.05) highest IgM level compared to Vit E alone and Vit E-SS complex.
Ceacum microbial population
The main effect of dietary Se sources and Vit E levels on ceacum microbial population of broiler chickens is shown 
GAPDH 312 F-CTGGCAAAGTCCAAGTGGTG R-AGCACCACCCTTCAGATGAG [45] in Table 5 . The Lactobacilli spp. in the group of birds treated with ADS18-Se was significantly higher than the SS and NS treated groups. Moreover, ADS18-Se supplementation was associated with the highest Bifidobacteria spp., and the lowest E.coli and Salmonella spp. compared to SS and NS groups, however, the difference between ADS18-Se and SS group was insignificant. On the other hand, dietary supplementation of Vit E had no effect on ceacum microbial population except for moderate reduction observed in Salmonella spp. count, which was significantly (P < 0.05) different compared to un-supplemented diet.
Splenic cytokines gene expression
The effect of Se and Vit E on spleen cytokines gene expression is shown in Table 6 . Selenium × Vit E interactions were significant (p < 0.0001) for a pro-inflammatory cytokine (TNF-α, IFN-γ) and anti-inflammatory cytokine Means with different superscripts within a row-subgroup are significantly different (P < 0.05). NS no Se supplement, SS sodium selenite, ADS18-Se bacterial organic Se. Experimental unit, (n = 12) (IL-2, IL-10). Without Vit E supplementation, Dietary Se of ADS18 down-regulated the TNF-α and IFN-γ significantly compared to SS and NS groups, and up-regulated the IL-2 and IL-10 significantly compared to other treatments, however, on IL-10 the effect of SS was higher compared to ADS18-Se. On the other hand, combination of either SS or ADS18-Se with Vit E had no significant effect on IFN-γ and IL-10 compared to Vit E alone, while Vit E alone showed the significantly lowest TNF-α compared to the Se combinations. Moreover, both Se combinations up-regulated IL-2 significantly compared to Vit E alone, but the SS combination was significantly higher than ADS18-Se.
Furthermore, it is clear that the combination of both sources of Se with the Vit E showed no better regulation compared to using each source alone, except for significant up-regulation observed on IL-10 of both sources, and up-regulation of 1 L-2 observed on SS.
Body weight, feed intake and lymphoid organ weights
The effects of vitamin E, Se sources, and their different combinations on the body weight, feed intake and lymphoid organ weights are shown in Table 7 . The final body weight was improved significantly (P < 0.05) when the diet was supplemented with Vit E compared to un-supplemented diet, Moreover, both SS and ADS18-Se showed high final body weight compared to NS group. The ADFI showed that dietary Vit E lowered ADFI significantly compared to un-supplemented diet, Moreover Se supplementation in the form of SS or ADS18-Se showed significant reduction in ADFI compared to NS diet.
All dietary Se sources and Vit E supplementation had no significant effect on lymphoid organ weights. Moreover, there were no synergistic effects between Se and Vit E on lymphoid organ weights.
Discussion
Immune system is a main factor that influences the animal's health and performance. It is well known that Se and Vit E can act synergistically and affect biological processes mainly, antioxidant and immunity [3] . Dietary Vit E and Se combination improved the humoral immunity and provided better immunity response through their role on free radical elimination and oxidative stress stability of the immune cells [8] Generally, the results of this study indicated that there are synergistic effects between Vit E and Se on plasma immunoglobulin, which appeared just in plasma IgM level Table 4 . Combination of Vit E with bacterial organic Se of ADS18 significantly increased plasma IgM concentration in broiler chickens compared with the chicks fed SS-Vit E complex or Vit E alone. This result was consistent with the finding that Vit E and Se combination improved the humoral immunity and provided better immunity response [8, 11] , when a dietary vitamin E (0, 125 and 250 mg/kg), selenium (Se, 0, 0.5 and 1 mg/kg), and their different combinations on humoral immunity was examined by intravenous injection of 7% sheep red blood cell (SRBC) followed by evaluation of serum for antibody titers in primary and secondary responses. Vitamin E and Se showed interactive effects on antiSRBC titers. Dietary vitamin E and Se alone also resulted in improvement of primary and secondary antibody responses [11] . On the other hand, Supplementation of 200 mg vitamin E/ kg and 0·2 mg selenium/kg resulted in a significantly higher antibody titres, that associated with an increased serum concentration of total immunoglobulins and circulatory immune complexes [8] . Moreover, combined Vit E and Se, significantly increased serum IgG and IgM levels in mice after their exposure to sodium azide [9] .
Dietary supplementation of Vit E in broiler chicken improved primary and secondary antibody responses after heat stress challenge [18] . According to Habibian et al. [11] , supplementation of Vit E at both 125 and 250 mg/kg levels showed no effect on IgM level in broiler chickens. Furthermore, Vit E supplementation had no significant effect on immunoglobulin levels of IgA, IgM, and IgG in the serum of duck [19] . This partially agreed with this study's finding that there was no significant effect observed in IgA and IgG levels due to Vit E supplementation, however IgM level was significantly increased at day 21, but at day 42 the effect was significantly interactive with Se factor.
On the other hand, Khan et al. [20] , demonstrated that dietary Se (inorganic Se) could improve immunity and significantly enhance the synthesis of IgA and IgG in broilers. This was clearly observed in this study, that Se supplementation of both inorganic and bacterial organic sources improved the bird's immunity via IgA, IgG, and IgM elevation at day 42, but at day 21 bacterial organic Se showed significantly highest IgG level compared to SS and NS groups Table 5 . However, our study concern about the different Se sources mainly the bacterial organic Se as unusual source of Se. This could be explained by the role of Se in protection and thus activation of B-lymphocytes cells which is the source of immunoglobulin [21] . Moreover, Se could increase the interleukin 2 receptors on the surface of lymphocytes [22] .
The regulation of gut microbiota can be achieved via dietary supplements which have the ability to stimulate the growth of beneficial bacteria, or selectively can suppress the activity and growth of pathogenic bacteria. Trace elements as a diet component may affect the diversity of intestinal microbiota [23] . A study conducted by Molan et al. [24] , revealed that the addition of sodium selenite or sodium selenate alone in the concentration of (1, 2, 3, 4, and 5 μg/ml) for each source, or their combination with China green tea to MRS culture of Lactobacillus rhamnosus and Bifidobacterium breve, enhanced their growth significantly compared to the control MRS. Oral supplementation of Se-china tea extract significantly (P < 0.05) increased the count of both Lactobacillus spp. and Bifidobacterium spp. in rat's ceacum compared to tea extract without Se [25] . Moreover, bacterial culture of Lactobacillus casei rhamnosus showed improved cell viability when Se and cadmium (Cd) were added to the culture compared to the culture contained in the Cd alone [26] . These studies supported the finding of the current study that Se supplementation enhances the population of ceacum Lactobacillus spp. and Bifidobacterium spp. compared to the basal diet, but the Se sourced from ADS18 showed better count than SS treatment.
Furthermore, the current study showed that Se supplementation of inorganic and bacterial organic Se reduced the ceacum numbers of E-coli and Salmonella spp., but the difference was significant just between ADS18-Se and NS groups. In the same manner, feeding of probiotics or Se-enriched probiotics to piglets was associated with higher Lactobacillus spp. count and lower E-coli compared to the basal diet and sodium selenite diet [27] . Selenium-enriched probiotics also decreased E-coli via undefined antimicrobial metabolites [28] . In contrast, dietary Se-yeast in chickens showed no effect on the caecal microbiota or Campylobacter jejuni colonisation [29] . Intestinal microbiota, are probably sensitive to some trace elements such as Se, which is important for normal function for some bacteria, however, at the same time is considered a toxic element to other bacteria. Therefore, changes in dietary Se which acts as an antioxidant may modulate the diversity of intestinal microbiota via oxidative stress suppression and providing a better medium for the growth of beneficial bacteria. Lactic acids and Bifidobacterium spp. are able to incorporate Se from the growth medium to their cells [26, 30] , which may enhance their growth and activity. Moreover, lactic acid bacteria have a role in inhibiting the colonization of pathogenic microorganisms through their secreted hydrogen peroxide, acids, and other antimicrobial substances. Published data on the effect of Vit E on caecum microorganisms are scant, thus, the reduction in Salmonella spp. count in the present study due to Vit E supplementation remain unclear. Cytokines are small protein messengers released by the host as immune responses to infection, inflammation, and trauma. Some cytokines are anti-inflammatory and others are pro-inflammatory, and this also plays a role in the up-regulation of inflammatory reactions [31] . TNF-α, IFN-γ, and IL2 are pro-inflammatory cytokines that are produced by activated monocytes, macrophages, T cells, and natural killer cells. Adequate Se supplementation may enhance the immunity and decrease the host susceptibility to diseases [32] . Infected Se-deficient mice were associated with significant increases in the expression of cytokines IL-6, TNF-α, IFN-γ IL-18, and IL-10 in the liver, while Se adequate mice showed over-expression in the liver IL-10 [33] . However, in the present study, there was significant interaction between Se and Vit E on all examined splenic anti-inflammatory and pro-inflammatory cytokines expression, dietary Se of both ADS18 and SS down-regulated the IFN-γ and up-regulated IL-2 and IL-10 significantly compared to NS group, while ADS18 showed significant down-regulation of TNF-α level compared to both SS and NS groups. The down-regulation of pro-inflammatory cytokines observed in this study was due to IL-10 elevation, which is a known potent anti-inflammatory cytokine and deactivator of pro-inflammatory cytokine synthesis, macrophage, and monocyte [31] . However, the IL-2 up-regulation in this study was unexpected but according to Yang et al. [34] , IL-2, is also required for the growth, proliferation, and differentiation of T cells, and the spleen sight is highly enriched with T cells, B cells, and monocytes.
On the other hand, Vit E supplementation down-regulated the pro-inflammatory cytokines expression in chickens receiving lipopolysaccharide [35] . The present study indicated that combination of either SS or ADS18-Se with Vit E had no significant effect on IFN-γ and IL-10 compared to Vit E alone, while Vit E alone showed the significantly lowest TNF-αcompared to both Se combinations. To the best of the researcher's knowledge, there is no report about the effect of Se and Vit E combination on splenic cytokines expression, however, previous studies indicated that dietary Vit E could lower pro-inflammatory cytokine expression through the NF-κB pathway alteration [36] . On the other hand, dietary Se-regulated inflammatory cytokines via NF-κB and MAPK signaling pathways [37] . Therefore, it is clear that, Se can induce immune response more than Vit E, through activation of anti-inflammatory cytokines and suppression of pro-inflammatory cytokines. The balance between anti-inflammatory and pro-inflammatory cytokines determines the severity of the disease.
In the current study, there was improvement in the final body weight and ADFI due to Vit E supplementation, and due to dietary Se either in bacterial organic or inorganic form. This was proved by the finding that supplementation of organic selenium and Vit E in the layer diet was efficient for improving performance [38] . Supplementation of 200 mg/kg of Vit E in broiler diet improved weight gain and feed intake compared to the basal diet [39] . In contrast, dietary Vit E and Se had no effect on the body weight of layer hens [40] , and different Vit E levels showed no significant changes in the broiler performance [41] . On the other hand, present study showed that both Se and Vit E supplementation had no significant effect on the lymphoid organ weights (thymus, bursa, and spleen) in broiler chickens. These findings are consistent with previous results of [18] who revealed that Vit E supplementation could not affect the lymphoid organ. Moreover, Habibian et al. [11] indicated that dietary Se had no positive effect on the lymphoid organ weights under heat stress, however, the dietary inclusion of Vit E showed improvement of the relative weights of lymphoid organs. Along the same lines of the findings of this study, no synergestic effect between Se and Vit E were observed for relative lymphoid organ weights in the study conducted by Habibian et al. [11] , however, Swain et al. [10] reported that dietary Se and Vit E had a synergestic effect on the lymphoid organ weights in broiler chickens under normal environmental conditions.The reason for this difference is not clear.
Conclusion
In conclusion, the present study showed that dietary supplementation of bacterial organic Se of ADS18 in broiler chickens increased the ceacum beneficial bacteria, and support the immune system more than SS. The synergistic effect of Se and Vit E was apparent on the plasma IgM levels and splenic cytokines gene expression. The inclusion of 100 mg/kg Vit E with 0.3 mg/kg ADS18-Se, effectively could support the immune system through regulation of some cytokines expression and immunoglobulin levels more than using ADS18-Se alone, while there was no difference between using SS alone or combined with Vit E. 
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